Melt and quench technique was used for the preparation of glassy samples of the composition x Bi 2 O 3 -(1-x) B 2 O 3 where x= .05 to .040. XCOM computer program is used for the evaluation of gamma-ray shielding parameters of the prepared glass samples. Further the values of mass attenuation coefficients, effective atomic number and half value layer for the glassy samples have been calculated in the energy range from 1KeV to 100GeV. Rigidity of the glass samples have been analyzed by molar volume of the prepared glass samples.
Introduction
The study of interaction of nuclear radiations with matter is the important research area for the development of materials which can be used in high radiation environment [1] [2] [3] . These radiation shielding materials have great importance for many scientific, engineering and medical applications. The data based on mass attenuation coefficient and half value layer is very useful for the purpose to identify the various radiation shielding materials. In the environment of high radiation exposure concrete is used as radiation shielding material because it is cheap and it can be molded easily into any desired design.
In spite of all these advantages some limitation are also associated with the concretes like it is not transparent to visible light thus restricting one to see through it. Secondly when it is exposed to the radiations for a longer period of time its mechanical strength is reduced. So it is desired to have materials which are transparent to visible light and have better shielding properties in terms of lesser volume requirement. Now a day heavy metal glasses are proving to be the promising candidates as an alternate to the conventional shielding material like concrete [4] [5] [6] [7] [8] [9] [10] [11] . The commonly used heavy metal in glasses is lead. But due to its toxic nature its use in heavy metal glasses is discouraged. Borate and Silicate are the most commonly used glass formers because of their easy availability and low cost. Boron belongs to the group III of periodic table and the elements of this group find wide range of applications including their scope in the field of solar cells [12] [13] [14] [15] . In the present paper bismuth based systems are undertaken because they are non toxic to our environment and can be new possibility for a lead free radiation shielding glass. Also these bismuth bases glasses have considerable technological applications due to their density, high refractive index and low melting point 16 . Sol-Gel and melt quench techniques are used to prepare glasses, in the present article the author has employed melt-quench technique to prepare glass sample 17 .
Novelty of work
The bismuth borate glasses are non toxic to environment and can provide alternate to lead free shielding materials. Also these have advantage to conventional shielding materials in terms of their better shielding properties. These glasses ate transparent to visible light and have low melting points. Further high density values and high refractive index of these glasses make them of great importance for many technical applications. Author have prepared these glass systems by using melt and quench technique and their properties are studied in terms of mass attenuation coefficient and density measurements. Results indicate that these glasses can be alternate for concretes which are opaque and require much larger volume measured in terms of half value layer.
Materials and computational method

Sample preparation, X-ray and density measurements
Glass samples of the chemical compositions given in table1 have been prepared by using the melt quenching technique All the chemicals used in the sample preparation were of analytical reagent (AR) grade having percentage purity of 99.9%. Appropriate amounts of Bi 2 O 3 and H 3 BO 3 were mixed thoroughly. Mixture was then taken in porcelain crucible and was melted to a temperature of 1200 o C and the melt was kept at the same temperature for 2 hours. Melt was quickly poured into preheated moulds in the temperature region of 200 to 250 o C followed by cooling down to room temperature.
Densities of the samples at room temperature were measured by using Archmede's principle with Benzene as immersion liquid. Glass samples were weighed in air and when immersed in Benzene at 20 0 C. The density was calculated by using the formula σ t,m = (µ/ρ) M/N A ,where M=∑n i A i is the molar mass, N A is Avogadro's constant and n i and A i are the number of formula units and atomic weight, respectively of constituent elements.
Average electronic cross-section, s t,el is given by where f i = n i / ∑n j is fractional abundance of element i with respect to number of atoms and Z i is atomic number of i element.
Results and Discussions
Density and molar volume
Density and molar volume values of the prepared samples are shown in figure1. The values of density increase from GS1 to GS8 with increase in R value (bismuth to borate ratio) showing the effect of addition of bismuth at the expense of borate. The molar volume also show linear increase depicting that structure becomes more and more open as light metal atom is changed with heavier one 18 . The value of molar volume is maximum for the composition corresponding to R = 0.66. It can be due to the fact that Bi ions play dual role in the glass structure. At higher mole fraction the role of Bi ions in the glass structure is of glass former.
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To confirm the amorphous nature glass samples XRD measurements were carried out on the prepared samples. Samples were crushed to fine powder form for X-ray diffraction studies. A Philips PW 1710 diffractrometer was used during the investigations. Radiation used was CuKα. The pattern was recorded at a scanning rate (2θ/s) of 0.030 with start angle(2θ) at 5.010 0 and end angle(2θ) at 60.0 0 .
Absence of crystallization peak in XRD data shows that prepared samples are amorphous.
Linear attenuation coefficients and effective atomic number
The mass attenuation coefficient of prepared samples is evaluated by using WIN XCOM 3,4 developed by NIST. HVL have been determined by mass attenuaton coefficient by using the relation Effective atomic number can be calculated by using relation
Where the average atomic cross-section, σ t,a is evaluated by using equation σ t,m is the total molecular interaction cross-section
Linear attenuation coefficients
The values of mass attenuation coefficients for the various samples are shown in table 2 from energy range 1KeV to 100 GeV. It can be observed that the mass attenuation coefficient values are very high in low energy range for which photoelectric effect is dominant. The values of mass attenuation coefficients as evident from 
Effective atomic numbers and half value layer
The scattering and absorption of gamma radiations are related to the effective atomic number of the materials 20 . These values are calculated using equation 3 and variation for the prepared samples is shown in figure 2 . It can be seen from the figure that for all the samples the Z eff steadily increases up to 10 -2 MeV, then it steadily decreases up to 10 0 MeV after which it increases up to 10 2 MeV after this energy the values of Z eff almost remains constant. The variation of Z eff , value with energy for the samples materials may can be assigned due to the relative domination of different mechanisms mainly photoelectric effect, coherent scattering and incoherent scattering. At low energies, where photoelectric effect dominates, Z eff is more and at higher energies, where scattering dominates, Z eff is less. Therefore, the Z eff for total gamma ray interaction varies from a higher value at lower energies to a lower value at higher energies depending on the relative domination of the partial gamma ray interaction processes. Effective atomic numbers increases linearly as we increase the bismuth to borate ratio. Value of effective number is maximum for the sample GS8 correspondind to R = 0.66. Higher values of effective number corresponds to more effective shielding from gamma radiations. Higher value of mass attenuation coefficient corresponding to GS8 suggests that this sample can shield the gamma radiations more effectively.
Half value layer parameter is calculated from the linear attenuation coefficient using equation 2. Values of HVL are given in table 3. It can be seen that HVL decreases with R value suggesting that with increase in R value the shielding properties are improved.
HVL is not only composition dependent but it also dependent upon the density of material which is further related to the structural arrangements of constituents of composite material. This parameter is very important for the materials to be used as the radiation shield. For this purpose, HVL values of the prepared glasses have been compared with some standard radiation shielding concretes (Table 4) .
For this glass sample GS8 is taken for the comparison purpose since its HVL value is minimum among all the prepared glass samples. Figure 3 shows comparative plot of the HVL value for various concretes and GS8 sample. It can be clearly seen that for the prepared sample (GS8), value of HVL at all the energies is lesser than the concretes.
Conclusions
In the present paper gamma ray shielding properties of bismuth borate glasses have been investigated and compared with concretes. GS8 is found to have lowest HVL values in all the prepared samples. Further the mass attenuation for the sample GS8 is highest out of all the prepared samples. The concretes on the other hand have more value for HVL. These findings suggest that the Bi containing glasses can be used as alternate to the concretes as radiation shielding materials. Further these are transparent to visible light and require lesser volume estimated in terms of HVL as compared to concretes which are opaque and require much larger volume. The present investigation results are also significant as Bismuth is non toxic to environment and can provide suitable lead free shielding materials. 
References
